
NASA TECHNICAL NOTE 

VAPORIZATION O F  
TANTALUM-CARBIDE-HAFNIUM-CARBIDE 
SOLID SOLUTIONS AT 2500° TO 3000° K 

by DdnieZ L. Deudmore 

Lewis Resemch Center 
CZeveZund, Ohio 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION WASHINGTON, D. C. NOVEMBER 1964 



VAPORIZATION OF TANTALUM-CARBIDE - HAFNIUM-CARBIDE SOLID 

SOLUTIONS AT 2500O T O  3000° K 

By Daniel L. Deadmore 

Lewis  Resea rch  Center  
Cleveland, Ohio 

N A T I O N A L  AERONAUT ICs AND SPACE ADMINISTRATION 

_ _  ~ 

For sale by the Off ice of Technica l  S e r v i c e s ,  Department of Commerce, 
Washington, D.C. 20230 -- Price $0.50 



VAPORIZATION OF TANTALUM-CARBIDE - HAFNIUM-CARBIDE SOLID 

SOLUTIONS AT 2500° TO 3000' K* 

by Daniel L. Deadmore 

L e w i s  Research Center 

The vaporization r a t e s  i n  vacuum of hot-pressed hafnium carbide, tantalum 
carbide, and s o l i d  solut ions of these two carbides i n  the  temperature range of 
250O0 t o  3000' K were determined by a Langmuir type method. 
t h a t  a composition near 70  mole percent tantalum carbide 30 mole percent 
hafnium carbide exhib i t s  t he  lowest vaporization r a t e  of any composition within 
t h i s  pseudobinary system. Variations i n  i n i t i a l  sample bulk densi ty  and 
vapor-specie condensation on the  f'urnace wall  have negl igible  e f f ec t s  on the  
measured vaporization r a t e s .  
of t i m e  on the  vaporization rate of se lec ted  compositions i s  discussed. 

The r e s u l t s  show 

Preliminary information concerning the influence 

INTRODUCTION 

The re f rac tory  carbides as a c l a s s  have the  highest  melting temperatures 
of mater ia ls  known today. A s  such, they a r e  of i n t e r e s t  as po ten t i a l  mater ia ls  
f o r  appl icat ions t h a t  require  high temperatures of operation. One such appl i -  
cat ion i s  i n  the  f i e l d  of thermionic energy conversion. Thermionic parameters, 
f o r  example, work function.and emission flux, have been measured f o r  some car-  
bides (refs. 1 t o  3) and suggest t h a t  these  mater ia ls  are useful  emit ters .  A 
major l i a b i l i t y  of carbides f o r  t h i s  appl icat ion i s  the  r e l a t i v e l y  high rate of 
vaporization. Excessive vaporization of an emit ter  mater ia l  would l ead  t o  deg- 
radat ion of t he  c r i t i c a l  cathode-anode spacing and t h e  p o s s i b i l i t y  of shor t  
c i r cu i t i ng  the  c e l l  by condensation on e l e c t r i c a l  insu la tors .  

The study reported herein was  i n i t i a t e d  t o  determine the  vaporization 
cha rac t e r i s t i c s  of t he  binary carbide system tantalum carbide - hafnium carbide 
(TaC-HfC). This system was chosen f o r  study because i t s  components have the  
highest  melting temperatures of t h e  re f rac tory  carbides and low vaporization 
rates (refs. 4 t o  7 ) .  The component carbides are soluble i n  all proportions 
(ref. 8).  
TaC 20 mole percent HfC,  has been reported t o  have a melting temperature 

A composition within t h i s  sol id-solut ion region, 80 mole percent 

*This r epor t  was  presented as a paper a t  the  American Ceramic Society 
Meeting, Chicago, I l l i n o i s ,  Apri l  22, 1964. 



higher than either TaC or HfC (ref. 9). 
such a solid-solution composition might exhibit a vaporization rate lower than 
either component carbide. 

This presents the possibility that 
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_ _ _ _ _  

48.2 

0.932 

4.455 (*0.001) 

In this study, the vaporization rates of TaC, HfC, and intermediate solid- 

A composition exhibiting minimal’vaporization rate was 
The effect of vapor-specie condensation on vaporization rate was ascer- 

solution compositions were determined in vacuum between 25000 and 30000 K by 
a Langmuir type method. 
found. 
tained by making measurements in .cold-wall (condensable vapor) and hot-wall 
(noncondensable vapor) furnaces. Preliminary experiments to determine the in- 
fluence of time on the vaporization rate were also made. 

TaCl. 0 

50 

1 . 0  

Materials and Sample Preparation 

Table I shows the chemical and X-ray diffraction results for the comer- 
cially supplied starting materials. 
includes the major metallic impurities. 
position will hereinafter be referred to as TaC0.93; the HfC0.982 will be re- 

A formula for each material is given that 
The (Tao.988~o.o1lwo.ool)Co.g32 com- 

TABLE I. - CHEMICAL ANALYSIS AND X-RAY DIFFRACTION RESULTS OF STARTING MATERIALSa 

Analysi  9 
weight 
percent :  
Tota l  C 
Free  C 
Combined C 

L Formula 

C, atomic percent t C-metal r a t i o  

L a t t i c e  i parameter,  A 

TaC 

Actual 

5.98 
.ll 

5.87 
__-- 

.ll 

<.01 
.52 _ _ _ _  

<. 01 
,057 
,051 

.19 
Not de tec ted  

Theo- 
r e t i c a ’  

6 . 2 2  
93.78 

HfO 

Actual 

6.20 . 01 
6.19 

93.72 
___-__ 

<. 005 
<.01 

_-_-__ 
_ _ _ - _ _  

<. 01 _ _ _ _ _ _  _ _ _ _ _ _  
<. 005 

.007 

,014 
.0031 

HfC0.982 

49.6 

0.982 

,6400 (i0.0002) 

Theo- 
.e t ica:  

6.30 

93.70 

fC1.0 

50 

1 . 0  

80 TaC . 20 HfC 

Actual 

5.85 
.03 

5.82 
74.23 
18.92 

,036 
<.001 

.32 

.13 

.16 

.021 
,012 

78ZHf0. 20ZNbO. 007Ti0. O052r0. 004) ‘0.925 

47.9 

0.925 

4.483 (iO.001) 

Theo- 
r e t i c a l  

6 .23 
75.21 
18.56 

H f o .  2Tao. 8)Cl.O 

50 

1.0 

acornpositions a r e  single-phase face-centered-cubic m a t e r i a l s .  

to as HfCO. 98- The 78ZHf0. 20ZmO. 007Ti0. 005Zr0. 004)c0. 92.5 w i l l  be 
referred to either as nominally 80 mole percent TaC0.93 -20 mole percent HfCOs93 
or 80 20 composition. 

The carbon-metal ratios of the tantalum and hafnium carbides determined 
from the chemical analysis are 0.93 and 0.98, respectively. The corresponding 
values obtained through the use of the measured lattice parameters (given in 
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t a b l e  I) and published l a t t i c e  parameters against  carbon-metal r a t i o s  a re  0.95 
t o  0.99 f o r  tantalum carbide ( re fs .  10 t o  1 2 )  and 0.89 t o  0.96 f o r  hafnium car- 
bide (refs. 1 2  t o  14) .  These wide ranges found by use of the  various published 
r e l a t i o n s  of l a t t i c e  parameter against  carbon-metal r a t i o  are due t o  d i f f i c u l t y  
i n  carbon analysis,  var ia t ion  i n  kind and content of impurit ies,  and insensi-  
t i v i t y  of the l a t t i c e  parameter t o  carbon content a t  high carbon concentra- 
t ions .  The cabon-metal r a t i o s  determined from the  chemical analyses are,  how- 
ever, of the  same order of magnitude as those determined from the  l a t t i c e  pa- 
rameters. 
herein because of the  i n s e n s i t i v i t y  of l a t t i c e  parameter t o  carbon content. 

The carbon-metal r a t i o  determined by chemical analysis will be used 

In addition t o  t h e  three  compositions given i n  t a b l e  I, compositions of 
50 mole percent TaC0.96 - 5 0  mole percent HfC0.96 and 25  mole percent 
TaC0.97 - 7 5  mole percent HfC0.97 w e r e  also prepared by mixing TaC0.93 and 
HfC0.98 powders i n  t h e  proper r a t i o  before forming t h e  t es t  specimens. The 
i n i t i a l  carbon-metal r a t i o s  given f o r  these compositions a f t e r  forming were 
calculated from those of the s t a r t i n g  carbides. 

Sol id  cy l indr ica l  pieces were formed by hot-pressing a t  temperatures of 
2500' t o  3000° K a t  3500 pounds per square inch and f o r  times of 10 minutes t o  
1 hour i n  a graphite die .  
long were formed. The hot-pressing equipment has been described i n  r e f e r -  
ence 15. I n  order t o  a t t a i n  homogeneous s o l i d  solut ions i n  the 50 - 50 and 
25 75 specimens, it w a s  necessary t o  press f o r  1 hour a t  3000' K. 

Sol id  cylinders 5/8 inch i n  diameter by 1/4 inch 

T e s t  specimens 5/8 inch (O.D.) by 3/8 inch (I.D.) by 1/4 inch long were 
fabricated from the s o l i d  hot-pressed cylinders by electric-discharge machin- 
ing. This hollow-cylinder geometry w a s  used t o  prevent cracking of the  speci-  
men during heating and cooling and f o r  grea te r  uniformity of temperature within 
those specimens heated d i r e c t l y  by induction. An approximate blackbody hole 
with a depth t o  diameter r a t i o  of at' l e a s t  5 t o  1 w a s  d r i l l e d  i n  the  center of 
the  r i n g  p a r a l l e l  t o  i t s  length. Free carbon w a s  removed from the  specimen 
surface with a w i r e  brush and by grinding manually on 600 abrasive cloth.  The 
homogeneity of t h e  t es t  specimens w a s  judged from t h e  X-ray d i f f r a c t i o n  pat-  
t e rns .  

X-ray d i f f r a c t i o n  pat terns  were obtained with a diffractometer a t  a scan- 
The l a t t i c e  ning speed of 1/2O (2e/min) and nickel  f i l t e r e d  copper radiat ion.  

parameter values were obtained by applying a least-squares extrapolation of 
l /sin20 on an IBM 704 computer. 

The dens i t ies  of the  hot-pressed specimens were determined by weighing i n  
air and d i s t i l l e d  w a t e r  on an ana ly t ica l  balance. The theore t ica l  density of 
each composition w a s  calculated from the measured l a t t i c e  parameter. The r e -  
sults are expressed as percent of theore t ica l  density. Specimens of 90 t o  
93 percent of theore t ica l  density were obtained-for TaCo.93, 86.6 t o  98 percent 
of theore t ica l  density f o r  8 0 -  20 composition, 88.8 t o  95.5 percent of theo- 
r e t i c a l  density f o r  50 '50 composition, 91 percent of t h e o r e t i c a l  density f o r  
2 5 .  75 composition, and 65.5 t o  90 percent of theore t ica l  density f o r  HfC0.98. 

3 



Vapori zat i on Measurements 

The vaporization-rate measurements were carried out in both hot- and cold- 
wall furnaces to determine the influence of the condensation of the vaporized 
material on the vaporization rate. The cold-wall furnace has been described 
in reference 16. In brief, it consists of a 1 inch (I.D.) water-cooled con- 
tinuously evacuated quartz tube. The specimen was supported on three 0.060- 
inch-diameter tungsten rods. The specimen was directly heated inductively by 
a 1/2-megacycle power source. By this arrangement, the hot specimen was di- 
rectly exposed to the water-cooled quartz tube. A few measurements were also 
made in a hot-wall furnace, which is described in reference 17. This furnace 
was also continuously evacuated. The specimen was placed inside a l-inch- 
diameter by l-inch-long tungsten cup, which, in turn, was placed inside a 

l-inch-diameter by 3-inch-long tungsten susceptor. The susceptor was in- 
ductively heated by a low-frequency power source. By this arrangement, the 
specimen and the walls of the tungsten cup were at approximately the same tem- 
perature. There was never any detectable physical adherence of the specimen 
to the tungsten cup. 

1 
2 

The temperature in a sight hole in the specimen was measured with a 
disappearing-filament optical pyrometer, which had been calibrated against a 
standard tungsten filament lamp with all optical elements in the light path. 

A typical vaporization-rate determination involved weighing the specimen 
to the nearest 0.2 milligram, inserting the specimen into the furnace, and 
evacuating the furnace to lX10-6 torr (cold cathode gage). 
then heated slowly to 2100° K so that the pressure never exceeded 1.~10'~ torr. 
The time required was about 5 minutes. This temperature was maintained until 
the system pumped down to less than 5x10-5 torr, which required 1 to 2 minutes. 
The specimen was then brought to the desired temperature in 1 to 2 minutes and 
maintained constant, f30° K, for 1/2 to 1 hour at higher temperatures (2800' 
to 3000' K) and 2 to 4 hours at lower temperatures (2500' to 2800' K) . 
pressure during this period was between 5X10-5 and 5X10m6 torr. 
the heating period, the power to the furnace was turned off, and the specimen 
was cooled to less than 1300' K in 2 minutes. After cooling to room tempera- 
ture, the specimen was reweighed. The first two determinations on each speci- 
men were made at 2400° to 2500' K. The vaporization rate calculated for the 
first determination was always very large due to outgassing of highly volatile 
impurities and was therefore discarded. After the first two determinations, 
each succeeding measurement was made at a higher temperature. The total heat- 
ing time for a specimen varied in accordance with the number of measurements 
made but was always less than 20 hours. The total weight loss of any specimen, 
even after many determinations, was never greater than 0.5 weight percent. A 
few preliminary measurements were made at constant temperature with varying 
heating times. The same general procedure as described previously was followed 
for these determinations. 

The specimen was 

The 
At the end of 

The vaporization rate R was calculated from the equation 
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where AW is the weight lost in grams, t is the time of heating in seconds, 
and CA is the total surface area in square centimeters, which includes the 
outer cylindrical surface, end surfaces, and "effective" area of the inside of 
the hollow cylinder. 
ders was calculated from an equation given in reference 18: 

The effective area of the inside of these hollow cylin- 

where 2 is the length of the cylinder and d is the inside diameter. This 
expression was derived from the cosine law of vaporization. 
material vaporized from the inside of a hollow cylinder but not lost from the 
cylinder as a result of recombination on the opposite inner wall. It assumes 
100 percent recombination of all material striking the opposite wall. 
correction was always less than 10 percent of the total surface area. 

It corrects for 

This 

RESULTS AND DISCUSS ION 

The term vaporization is used herein in its broadest sense, that is, to 
mean a gross mass loss of the specimen. The experimental conditions do not 
fulfill, in the strictest sense, all the requirements of an ideal Langmuir de- 
termination (very large vacuum chamber compared with specimen size, specimen 
geometry, etc.). 
may be interpreted as having some kinetic significance. 

The approximations are good enough, however, so that the data 

In this discussion, no extensive reference to kinetics will be made. 
Also, while it is known that TaC vaporizes incongruently (ref. 5) and BfC con- 
gruently (ref. 4), the nature of the vaporization mechanism of the solid solu- 
tions is not known, and no conclusions concerning this mechanism are to be 
drawn from the present data. 

X-ray diffraction of the surface of all five hot-pressed compositions, 
prior to vaporization determinations, showed them to be homogeneous and single- 
phase face-centered-cubic materials. 
specimens are shown in the following 

C omp os it i on, 
mole percent 

93 

80 TaCOmg3 * 20 HfCOmg3 

50 TaC0.96 '50 HfC0.96 

25 TaC0.97 * 75 HfC0.97 

HfCO. 98 

Lattice parameter, 
A 

4.4559 (?0.0006) 

4.4820 (f0.0002) 

4.552 (20.005) 

4.590 (f0. 008) 

4.6400 (+0.0002) 

The lattice parameters of the hot-pressed 
table. The larger standard deviations for 
the 50 -50 and 25 - 75 compositions are 
due to the broader diffraction peaks and 
lack of resolution of the al, % lines. 

The TaCOmg3 and 80.20 specimens, in 
the as-hot-pressed state, were golden 
yellow, while the other three composi- 
tions of higher hafnium content were a 
silvery gray. After several vaporization 
determinations, the surface of all com- 
positions was a metallic silver color. 
The interior of the TaCOag3 and 80. 20 
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- Theoretica I conditions suggests t h a t ,  wi thin t h e  range 
- density, of dens i t i e s  s tudied and for t h e  two furnace 

6 
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\ between the  var iables ,  the  logarithmic r a t e ,  \ 

- \ and the  rec iproca l  temperature i n  OK. 
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data  points  given i n  reference 5 f o r  specimens of 
t i es  of 95 percent of t h e o r e t i c a l  densi ty  and i n  reference 6 f o r  TaCOsg6 a l l  
f a l l  within the  s c a t t e r  band shown i n  f igu re  1. 
squares l i n e s  f i t t e d  t o  da ta  points  (of r e f s .  5 and 6 )  a r e  very nearly equal t o  
one another but.approximately 18 percent l a rge r  than those obtained from the  
present  measurements. It i s  suggested t h a t  t h e  l a rge r  slope for t he  l i t e r a t u r e  
da ta  i s  due t o  t h e  difference i n  t h e  carbon-metal r a t i o s  of t h e  specimens (0.93 
for t h e  present mater ia l  compared with 0.96 and 0.97 fo r  t h e  l i t e r a t u r e  car- 
bides) .  

with i n i t i a l  densi- 

The slopes of t h e  l ea s t -  

- percent 
- A 
- 

Vaporization r e s u l t s  f o r  t he  80 - 2 0  composition given i n  f igure  2 a l so  
show a s c a t t e r  band. There i s  some indica t ion  t h a t  t he  s c a t t e r  i s  l e s s  a t  the  
higher temperatures. 

10-9 

The vaporization r e s u l t s  f o r  the  50 -50 composition a re  given i n  f igure  3. 

- 

- 

- 

10-9 I 
3.2 ' 3!4 I 3.'6 ' d 8  ' '4!0 4. AlO. 

Reciprocal temperature, I/ T, OK 

Figure 3. - Vaporization rate of 50 
mole percent 50 mole per- 
cent HfCo-96 in  vacuum in cold-wall 
furnace as function of temperature. 

The s c a t t e r  remains about t he  same a t  a l l  temperatures. 
of only one specimen of t he  25  - 75 composition w a s  measured, and the  r e s u l t s  
a r e  given i n  f igure  4. 

The vaporization r a t e  

The vaporization r a t e  r e s u l t s  f o r  HfC0.98 a re  shown i n  f igure  5. The 
vaporization-rate-data points  given i n  reference 4 obtained from specimens of 
(Hf0,95Zr0.05)C0.96 with an i n i t i a l  densi ty  of 70 percent of t heo re t i ca l  den- 

7 



s i t y  a l l  f a l l  within t h e  s c a t t e r  band shown i n  f igu re  5. 
of t h e  data  of reference 4 gives a l i n e  with a slope 7-percent grea te r  than 

A least-squares f i t  

10-9 

- 
- 

- 

I I ~ I  1 I 

10-4F 
Theoretical Furnace 

dens it y, 
percent 

85 ) Cold wall 

gS5 } Hot wall 
A 71.9 

Least-squares line 
Limits of scatter 

c 

\ 
\ 
\ 

1 0 - 8 L 1  I -.I 1 
3.2 3.4 3.6 3.8 4.0 4 . 2 ~ 1 0 - ~  

Reciprocal temperature, I /  T, OK 

Figure 5. - Vaporization rate of HfC0.98 
in vacuum in  hot-wall and cold- 
wall furnaces as function of tempera- 
ture. 

t h a t  obtained from the  present  data.  
f o r  HfC, are approximately two orders of magnitude l a rge r  than the  present 
data.  The s lope of t he  data  of reference 7 i s  almost i d e n t i c a l  t o  t h a t  given 
i n  reference 4. Some of t h e  da ta  of reference 7 f o r  vaporization of other  ma-  
terials w a s  compared (ref. 21)  with cur ren t ly  accepted values fo r  these  m a t e -  
r ials;  t h e  r e s u l t s  of reference 7 were found t o  be very much la rger  i n  every 
case. 

The vaporization-rate data  of reference 7 

I n  f igure  6, t he  leas t - squares- f i t t ed  vaporization curves for  each carbide 
composition s tudied a re  shown along with data  for  tungsten. 
tungsten t h e  curve represents  t he  l i t e r a t u r e  data  (ref. 22), and t h e  points  i n -  
d i ca t e  the  present determination. 
d i r e c t  comparisions of t he  vaporization of the  carbides with t h i s  mater ia l  can 
be made. Tungsten w a s  chosen fo r  comparison because it has the  lowest vapori- 
zat ion r a t e  of any known m a t e r i a l  i n  t h i s  temperature range (2500O t o  3000° K ) .  
O f  t h e  carbide mater ia ls  studied, t he  8 0 . 2 0  composition possesses t h e  lowest 
v o l a t i l i t y ,  and HfC0.98 i s  t h e  most v o l a t i l e  i n  the  temperature range consid- 
ered. The vaporization of the  8 0 . 2 0  composition approaches t h a t  of t q g s t e n  
a t  t h e  higher temperatures. 

I n  t h e  case of 

The data  f o r  tungsten a re  included s o  t h a t  
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Composition, 
mole percent 

- 
- 50 TaC0.96 ' 50 HfCO.96 

Activation 
energy, 
M', 

kcail mole 

156 
152 
153 
132 
109 

215 

Temperature, 

I~ I I ~ L ~  

Mole percent HfC 
0 20 40 60 80 100 

Figure 7. - Vaporization rate i n  vacuum 
as function of carbide composition at 
various temperatures. 

i 
TaC 

From t h e  slope of the  curves f o r  1/T against  vaporization r a t e  i n  f i g -  
ure  6, the  ac t iva t ion  energy AEF of the  vaporization process w a s  calculated 
from the Arrhenius equation. These values a r e  tabulated i n  f igure  6.  Examina- 
t i o n  of the  activatiop-energy values shows t h a t  increasing the TaC content i n  
the  binary compositions causes only a s l i g h t  decrease i n  
percent TaC. When t h e  TaC content exceeds 50 mole percent, m 
sharply. This suggests t h a t  t h e  vaporization processes may be d i f fe ren t .  

m up t o  50 mole 
decreases 

Variation of t h e  vaporization r a t e  as a function of composition a t  2500°, 
2600°, 2700°, and 2900° K i s  shown i n  f igure  7 .  
from the  data given i n  f igures  1 t o  5. The width of the  s c a t t e r  band and the  
least-squares vaporization-rate value (shown as a c i r c l e )  a r e  presented. 
S t ra ight  l i n e s  a r e  drawn t o  pass as near as possible t o  t h e  least-squares 
points.  It appears t h a t  there  i s  a composition near the in te rsec t ion  of these 
two curves possessing a minimum vaporization rate. This composition l i e s  be- 
tween t h e  80 TaCOsg3 - 20 H f C O e g 3  and 50 
and i s  nearer the  former. 

This f igure  w a s  constructed 

- 50 H f C O n g 6  experimental points 

There are several  important points  t o  be made concerning the in te rpre ta -  
t i o n  of f igure  7. The carbon-metal r a t i o  of the  experimental materials i s  not 
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constant, but var ies  from 0.93 f o r  the  TaC and 80 20 compositions t o  0.96 t o  
0.98 f o r  t h e  50 050, 25 -75 ,  and H f C  compositions, respectively.  The vaporiza- 
t i o n  rate f o r  TaC decreases with decreasing carbon-metal r a t i o  ( r e f .  23 ) .  
might therefore  s imi la r ly  argue t h a t  the  decrease i n  vaporization r a t e  shown i n  
f igure  7 i s  due t o  a varying carbon-metal r a t i o  ra ther  than t o  the  TaC t o  H f C  
compositional r a t i o .  This i s  not believed t o  be t r u e  f o r  the  following rea- 
sons. F i r s t ,  the  carbon-metal r a t i o  of t h e  TaC0.93 and 80 - 2 0  compositions a r e  
equal; therefore,  the  observed lower vaporization r a t e  of the 80. 20 composi- 
t ion,  a t  a given temperature, must be due t o  the change i n  the tantalum t o  
hafnium r a t i o .  Secondly, t h e  compositions 50 TaC0.96 - 5 0  HfC0.96, 
25  TaC0.97 75 HfCo.97, and HfC0.98 exhibit ,  f o r  a l l  p r a c t i c a l  purposes, equal 
carbon-metal ra t ios ;  therefore,  t h e  observed decrease i n  the vaporization r a t e  
must a l so  be due t o  the var ia t ion  i n  the tantalum t o  hafnium r a t i o  i n  these 
compositions. Thirdly, from the  data  of reference 23 f o r  TaC, an estimate of 
the  magnitude and d i rec t ion  of s h i f t  of the  vaporization r a t e  of the TaC0.93 
composition a t  2700' K could be made i f  the  carbon-metal r a t i o  were r a i s e d  t o  
a l e v e l  comparable t o  t h e  higher carbon content compositions, t h a t  i s ,  0.97. 
The vaporization ra te  would be s h i f t e d  upward from the  present 2 . 5 ~ 1 0 ' ~  t o  
about 6X10'7 gram per square centimeter per second. For t h e  assumption t h a t  
the  data  of reference 2 3  f o r  TaC a l s o  holds f o r  the 80. 20 composition, an i n -  
crease i n  the carbon-metal r a t i o  t o  0.97 would s h i f t  the  vaporizat.ion r a t e  of 
t h i s  mater ia l  upward from t o  about 3.5X10'7 gram per square centimeter 
per second. This would s h i f t  the  composition of the  minimum toward higher 
hafnium contents ( i .e. ,  from about 30 up t o  approx. 50 mole percent H f C ) .  
would not, however, negate t h e  basic conclusion t h a t  a composition e x i s t s  i n  
the TaCx-HfCx binary system, which possesses a minimum v o l a t i l i t y .  

One 

This 

Another fac tor  t h a t  could influence t h i s  conclusion i s  the  e f f e c t  of heat-  
ing time on the vaporization-rate values. 
program) f o r  TaC0.93 and t h e  80 - 2 0  composition a t  26000 K, i n  t h e  cold-wall 
furnace, show t h a t  the vaporization r a t e  decreases with increased heating time. 
The vaporization r a t e  of Tacosg3 decreases from t o  7X10'8 gram per square 
centimeter per second i n  13 hours, while the 80 * 20 composition shows a decrease 
from 4X10-8 t o  2X10-* gram per square centimeter per second i n  40 hours. 
both cases, t h e  new values a r e  within the  s c a t t e r  band of the  short-time data  
reported herein. Furthermore, t h e  heating time used for  a rate determination 
a t  a given temperature f o r  each composition w a s  approximately the  same. This 
then fur ther  minimizes the e f f e c t  of time on the  vaporization-rate values and, 
from t h e  standpoint of the  time ef fec t ,  makes the  compositional comparison of 
f igure  7 v a l i d  a t  a given temperature. 

Kaufman and Stepakoff ( r e f .  24) applied the  Schottky-Wagner model t o  t h e  

Preliminary data  (from a continuing 

In  

te rnary  Ta-Hf-C system and calculated t h e  vapor pressures of Ta, H f ,  and C over 
(Ta-Hf)C as a function of temperature and composition. From these values, they 
calculated t h e  vaporization r a t e s  through the  Langmuir equation. The calcu- 
l a t e d  i n i t i a l  rates of vaporization from reference 24 show fair agreement with 
observed r a t e s  a t  2600' K. 
r a t e  i s  predicted from t h e  calculat ions given i n  reference 24. 

Also, the  observed m i n i "  i n  the  vaporization 
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CONCLUDING REMARKS 

A l l  evidence ind ica tes  t h a t  there  i s  a composition i n  the  binary system be- 
tween TaC, and HfC, t h a t  possesses a minimum v o l a t i l i t y  or  a maximum s t a b i l i t y .  
This composition appears t o  be near the  80 mole percent TaC0.93 - 2 0  mole per- 
cent HfCOeg3 experimental composition. 
t i o n  approaches t h a t  of tungsten a t  high temperatures. The influence of den- 
s i t y  va r i a t ion  and vapor-specie condensation of t he  vaporization rate i s  l e s s  
than the  precis ion of measurement of the  vaporization r a t e .  With the  passage 
of time, a t  a constant temperature, the  vaporization r a t e  of both TaC0.93 and 
t h e  80 mole percent TaCOag3 20 mole percent H f C O a g 3  compositions decreased. 
This decrease is  not la rge  and is  wel l  within t h e  s c a t t e r  band i n  each case. 

The vaporization r a t e  of t h i s  composi- 
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